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Abstract Background. Infections and their sequelae 
are a major cause of death among patients admitted to the 
surgical intensive care unit (ICU). Studies of passive im- 
munotherapy with standard intravenous immune globulin 
and hyperimmune globulin directed against gram-nega- 
tive core lipopolysaccharide to prevent gram-negative in- 
fections and their serious systemic complications have 
had equivocal results in such patients. 

Methods. We performed a double-blind study to as- 
sess the efficacy of standard immune globulin and core- 
lipopolysaccharide hyperimmune globulin in preventing in- 
fections in surgical patients at high risk. The patients 
received standard immune globulin (400 mg per kilogram 
of body weight), hyperimmune globulin (400 mg per kilo- 
gram), or placebo (25 percent albumin, 8 ml per kilogram) 
weekly, for a maximum of four doses while in the ICU. 

Results. A total of 352 patients were enrolled, and 329 
could be evaluated. The number of patients in whom infec- 
tions developed was significantly lower in the group re- 

INFECTIONS remain the leading cause of death 
among patients admitted to the surgical intensive 
care unit (ICU) despite improvements in support- 
ive care and the development of new broad-spec- 
trum antibiotics. Adjunctive therapeutic measures are 
needed to prevent infections in this setting. Data from 
studies of other groups of immunocompromised pa- 
tients imply that standard intravenous immune globu- 
lin can prevent bacterial infections, 1 ' 3 but studies of 
patients who have undergone high-risk surgery have 
been inconclusive. 4 Infections due to gram-negative 
bacteria are both frequent and difficult to treat, and 
the mortality among patients with gram-negative bac- 
teremia is 20 to 40 percent. 5 * 7 Among patients with 
septic shock, the currently reported mortality is about 
50 percent. 7 ' 11 The poor outcome of such infections is 
attributed to the effects of gram-negative bacterial en- 
dotoxin, a lipopolysaccharide of the outer bacterial 
membrane. The outer side chains of lipopolysaccha- 
ride are responsible for antigenic specificity (O anti- 
gens), whereas the inner core region, including lipid 
A, is a more conserved structure and is primarily re- 
sponsible for the biologic effects of lipopolysaccharide. 
The core region of lipopolysaccharide is exposed at 
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ceiving standard immune globulin than in the placebo 
group (36 of 1 09 vs. 53 of 1 1 2 patients, P = 0.03), as was 
the incidence of pneumonia (1 5 vs. 30 cases, P = 0.04), 
especially pneumonia due to gram-negative bacteria (5 
vs. 16 cases, P = 0.02). The number of days spent in the 
ICU and the total days spent in the hospital were lower in 
the standard immune globulin group (medians of 2 and 7.5 
days fewer; P = 0.02 and 0.06, respectively). In contrast, 
the hyperimmune globulin had no detectable prophylactic 
effect on infections (50 of 108 patients, with 25 cases of 
pneumonia). The rate of systemic infections and shock 
was similar in the three study groups, and hospital mortal- 
ity did not differ significantly among them. 

Conclusions. Intravenous immine globulin given pro- 
phylactically to selected high-risk patients in the surgical 
ICU can reduce the incidence of infection. Core-lipopoly- 
saccharide hyperimmune globulin is not effective in pre- 
venting gram-negative infections and their systemic com- 
plications. (N Engl J Med 1992;327:234-40.) 

the surface of rough mutants of gram-negative organ- 
isms, which are devoid of side chains. Clinical studies 
have suggested that treatment with antiserum ob- 
tained from volunteers immunized with the rough mu- 
tant Escherichia coli J5 could reduce the number of 
deaths due to gram-negative bacteremia 12 and could 
prevent gram-negative septic shock when adminis- 
tered prophylactically to high-risk surgical patients. 13 
A preparation of intravenous immune globulins 
containing high titers of antibodies to core lipopoly- 
saccharide (core-lipopolysaccharide immune globu- 
lin) was derived from the plasma of donors screened 
for naturally occurring high levels of antibodies to the 
lipopolysaccharide of one of the rough mutants, the 
R595 strain of Salmonella minnesota. Preliminary find- 
ings suggested that antibodies directed against R595 
lipopolysaccharide could prevent the biologic effects 
of endotoxin. Immunochemically, R595 lipopolysac- 
charide is the innermost and more conserved part of 
endotoxin. Experimentally, antiserums against the 
R595 mutant have been reported to be protective in 
animal models. 14,15 Clinically, the level of IgG anti- 
bodies to the R595 mutant correlated with the put- 
comes of patients with gram-negative bacteremia. 16,17 

Methods 

Study Design 

The goals of this study were to investigate whether standard 
intravenous immune globulin would be effective in preventing infec- 
tion in high-risk postsurgical patients, to determine whether core- 
lipopolysaccharide intravenous immune globulin would reduce sys- 
temic infections due to gram-negative bacteria in these patients, and 
to compare the two agents. The study evaluated three agents: stand- 
ard immune globulin, core-lipopolysaccharide immune globulin, 
and placebo. The incidences of acquired infections, episodes of 
systemic infection, and death were the primary outcome variables, 
and the length of stay in the ICU and in the hospital the secondary 



Vol.327 No. 4 



EFFECT OF MORICIZINE ON SURVIVAL AFTER MYOCARDIAL INFARCTION — 



CAST-II 



233 



Washington Hospitals, Tuality Hospital, Good Samaritan Hospi- 
tal, Portland Veterans Affairs Hospital, St. Vincent's Medical Cen- 
ter, Providence Medical Center, and Meridian Park Hospital; 
University of Ottawa Heart Institute, Ottawa: D. Beanlands, M.D., 
R. Davies, M.D., M. Green, M.D., W. Williams, M.D., MJ. Baird, 
M.D., L. Garrard, R.N., B.Sc.N., S. Heal, R.N., B.Sc.N., A. Has- 
pect, R.N.J. Borthwick, R.N., L. Marois, R.N., and K. Woodend, 
R.N., B.Sc.N.; University of Rochester, Rochester, N.Y.: T. Akiyama, 
M.D., W.B. Hood, M.D., R. Easley, Jr., M.D., G. Ryan, M.D., 
G. Kenien, M.D., M. Patt, M.D., D. Kazierad, M.D., A. Goldfarb, 
M.D., L.L. Butler, B.S., M.L. Keller, R.N., M.S., P. Stanley, 
J. Peebles, R.N\, D. Syrocki, R.N., and D. Lavin, R.N.; Rush-Presby- 
terian-St. Luke's Medical Center, Chicago: P. Denes, M.D., J. A. 
Schoenberger, M.D., P.R. Liebson, M.D., N.J. Stamato, M.D., 

A. T. Petropulos, M.D., T.A. Buckingham, M.D., T. Remijas, 
M.P.H., J. Kocourek, R.N., and K. Janko, R.N.; Salt Lake Clinic 
Research Foundation, Salt Lake City: A.H. Barker, M.D., J.L. Ander- 
son, M.D., R.E. Fowles, M.D., T.B. Keith, M.D., C.B. Williams, 
M.D., F.L. Moreno, M.D., E.N. Doran, B. Fowler, K. Summers, 
R.N., and C. White, L.P.N.; University of Sherbrooke, CHUS, Sher- 
brooke, Que.: G. O'Hara, M.D., J.-L. Rouleau, M.D., S. Plante, 
M.D., C. Vincent, R.N., B.S.C., and D. Bouchard; University of South 
Florida, Tampa: R.G. Zoble, M.D., Ph.D., J.E. Otero, M.D., WJ. 
Bugni, M.D., K.M. Schwartz, M.D., U.R. Shettigar, M.D., J.A. 
Brewington, R.N., and J. Umberger, R.N.; St. Louis University Medi- 
cal Center, St. Louis: J.D. Cohen, M.D., P. Bjerregaard, M.D., Ph.D., 
W.P. Hamilton, M.D., M. Garner, R.N., B.S.N., and S. Anderson, 
R.N., B.S.N. : State University of New York Health Science Center at Brook- 
lyn: N. El-Sherif, M.D., S.N. Ursell, M.D., G.E. Gabor, M.D., 

B. Ibrahim, M.D., M. Assadi, M.D., M.L. Brezsnyak, R.N., M.S., 
A.V. Porter, R.N., B.S.N., and A. Staniorski, R.N.; Vanderbilt Uni- 
versity, Nashville: R.L. Woosley, M.D., Ph.D., D.M. Roden, M.D., 
W.B. Campbell, M.D., D.S. Echt, M.D., J.T. Lee, M.D., K.T. 
Murray, M.D., J.D. Spell, R.N., M.S.N., S.T. Bonhotal, R.N., 
M.S.N., L.L. Jared, R.N., M.S.N., T.I. Thomas, R.N., and 
F. Goldner. R.N.; Medical College of Virginia, Virginia Commonwealth 
University, Richmond: D. W. Richardson, M.D., D.W, Romhih, M.D., 
K.A. Ellenbogen, M.D., B.B. Bane, J. Fields, R.N., B.S.N., 
S. Shrader, R.N., B.S.N., E. Powell, R.N., M.S.N., C.F. Chaffin, 
R.N., B.S.N., A. Wells, and K.T. Conway; Washington Hospital Cen- 
ter, Washington, D.C.: E.V. Platia, M.D., S. O'Donoghue, M.D., 
CM. Tracy, M.D., N. Ali, M.D., P. Bowen, M.D., K.M. Brooks, 
M.D., W. 'Oetgen, M.D., L.T. Weston, M.D., P. Carson, M.D., 
D. Obias-Manno, R.N., J. Harrison, R.N., A. Saylor, R.N., and 
S. Powell, R.N.; Drug Distribution Center, Veterans Affairs Coopera- 
tive Studies Program Clinical Research Pharmacy Coordinating Center, Albu- 
querque, N.M.: CM. Haakenson, R.Ph., M.S., M.R. Sather, R.Ph., 
M.S., and L.A. Malone; Coordinating Center, University of Washing- 
ton, Seattle: A.P. Hallstrom, Ph.D., R. McBride, H.L. Greene, M.D., 
M.M. Brooks, Ph.D., R. Ledingham, M.S., R.A. Reynolds-Haertle, 
M.S., M. Huther, M. Scholz, and M. Morris; Program Office, Clini- 
cal Trials Branch, Division of Epidemiology and Clinical Applications, 
National Heart, Lung, and Blood Institute, Bethesda, Md.: L.M. Fried- 
man, M.D. ? E. Schron, R.N., M.S., J. Verter, Ph.D., C.Jennings, 
and M. Proschan, Ph.D.; and Data and Safety Monitoring Board Com- 
mittee: J.D. Bristow, M.D. (Oregon Health Sciences University, 
Portland), D.L. DeMets, Ph.D. (University of Wisconsin, Madi- 
son), C. Fisch, M.D. (Indiana University School of Medicine, 

. Krannert Institute of Cardiology, Indianapolis), A.S. Nies, M.D. 
(University of Colorado Medical School, Denver), J. Ruskin, M.D. 
(Harvard Medical School, Boston), H. Strauss, M.D. (Duke Uni- 
versity Medical Center, Durham, N.C), and L. Walters, Ph.D. 
(Kennedy Institute of Ethics, Georgetown University, Washing- 
ton, D.C). 



References 

1. Bigger JT Jr, Fleiss JL, Kleiger R, Miller JP, Rolnitzky LM, Multicenter 
Post-Infarction Research Group. The relationships among ventricular ar- 
rhythmias, left ventricular dysfunction, and mortality in the 2 years after 
myocardial infarction. Circulation 1984;69:250-8. 

2. Mukharji J, Rude RE, Poole WK, et al. Risk factors for sudden death after 
acute myocardial infarction: two-year follow-up. Am J Cardiol 1984;54:31- 
6. 

3. Furberg CD. Effect of antiarrhythmic drugs on mortality after myocardial 
infarction. Am J Cardiol 1983;52:32C-36C. 

4. Vlay SC. How the university cardiologist treats ventricular premature beats: 
a nationwide survey of 65 University Medical Centers. Am Heart J 1985; 
110:904-12. 

5 . Morganroth J, Bigger JT Jr, Anderson JL. Treatment of ventricular arrhyth- 
mias by United States cardiologists: a survey before the Cardiac Arrhythmia 
Suppression Trial results were available. Am J Cardiol 1990;65:40-8. 

6. The Cardiac Arrhythmia Pilot Study (CAPS) Investigators. Effects of encai- 
nide, flecainide, imipramine and moricizine on ventricular arrhythmias dur- 
ing the year after acute myocardial infarction: the CAPS. Am J Cardiol 
1988;61:501-9. 

7. The Cardiac Arrhythmia Suppression Trial (CAST) Investigators. Prelimi- 
nary report: effect of encainide and flecainide on mortality in a randomized 
trial of arrhythmia suppression after myocardial infarction. N Engl J Med 
1989;321:406-12. 

8. Echt DS, Liebson PR, Mitchell LB, et al. Mortality and morbidity in pa- 
tients receiving encainide, flecainide, or placebo: the Cardiac Arrhythmia 
Suppression Trial. N Engl J Med 1991324:781-8. 

9. Greene HL, Roden DM, Katz RJ, et al. The Cardiac Arrhythmia Suppres- 
sion Trial: first CAST . . . then CAST-II. J Am Coll Cardiol 1992; 19: 
894-8. 

10. Greene HL, Richardson DW, Barker AH, et al . Classification of deaths after 
myocardial infarction as arrhythmic or nonarrhythmic (the Cardiac Arrhyth- 
mia Pilot Study). Am J Cardiol 1989;63:1-6. 

11. Cox DR, Hinkley DV. Theoretical statistics. London: Chapman & Hall, 
1974:179-206. 

12. Pawitan Y, Hallstrom AP. Statistical interim sequential monitoring of the 
Cardiac Arrhythmia Suppression Trial. Stat Med 1990;9:1081-90. 

13. Monitoring response variables. In: Friedman LM , Furberg CD, DeMets DL. 
Fundamentals of clinical trials. 2nd ed. Littleton, Mass.: PSG Publishing, 
1985:213-39. 

14. Lan KKG, Simon R, Hal peri n M. Stochastically curtailed tests in long-term 
clinical trials. Commun Stat Sequential Anal 1982;0:207-19. 

15. Morganroth J, Goin JE. Quinidine-related mortality in the short-to-medium- 
term treatment of ventricular arrhythmias: a meta-analysis. Circulation 
1991;84:1977-83. 

16. Impact Research Group. International mexiletine and placebo antiarrhyth- 
mic coronary trial. 1. Report on arrhythmia and other findings. J Am Coll 
Cardiol 1984;4:1148-63. 

17. U.K. Rhythmodan Multicentre Study Group. Oral disopyramide after ad- 
mission to hospital with suspected acute myocardial infarction. Postgrad 
Med J 1984;60:98-107. 

18. Burkart F, Pfistercr M, Kiowski W, Follath F, Burckhardt D. Effect of 
antiarrhythmic therapy on mortality in survivors of myocardial infarction 
with asymptomatic complex ventricular arrhythmias: Basel Antiarrhythmic 
Study of Infarct Survival (BASIS). J Am Coil Cardiol 1990;16:1711-8. 

19. Cairns JA, Connolly SJ, Gent M, Roberts R. Post-myocardial infarction 
mortality in patients with ventricular premature depolarizations: Canadian 
Amiodarone Myocardial Infarction Arrhythmia Trial Pilot Study. Circula- 
tion 1991;84:550-7. 

20. Wilber DJ , Garan H, Finkelstein D, et al. Out-of-hospital cardiac arrest: use 
of electrophysiologic testing in the prediction of long-term outcome. 
N Engl J Med 1988;318:19-24. 

21. Kim SG. The management of patients with life-threatening ventricular 
tachyarrhythmias: programmed stimulation or Holter monitoring (either or 
both)? Circulation 1987;76:1-5. 

22. Hallstrom AP, Greene HL, Huther ML, CAST Investigators. The healthy 
responder phenomenon in non-randomized clinical trials. Stat Med 1991; 
10:1621-31. 

. 23. Friedman L, Yusuf S, Does therapy directed by programmed electrical 
stimulation provide a satisfactory clinical response? Circulation 1986; 
73:SuppI 11:11-59-11-66. 



Vol. 327 No. 4 PROPHYLACTIC IMMUNE GLOBULINS FOR POSTSURGICAL INFECTION 



— COM ETTA ET AL. 



outcome variables. This was a multicenter, placebo-controlled, dou- 
ble-blind study, approved by the human-research committees of 
each participating center. 

We assumed that the rate of systemic infection among the pa- 
tients given placebo would be approximately 20 percent. According- 
ly, we calculated that each of the three study groups should contain 
130 patients to give the study a power of 90 percent to show a 50 
percent reduction in the incidence of systemic infection in the core- 
lipopolysaccharide immune globulin group, with a 5 percent level of 
significance. A one-tailed significance level was used in calculating 
the size of the sample, since the goal of the study delineated at its 
inception was to demonstrate a significant positive effect of immune 
globulin prophylaxis; otherwise, this treatment would not be given 
in the future. However, two- tailed P values are reported throughout 
this report. A safety analysis was performed by an independent 
oversight committee upon the enrollment of every 90 to 100 pa- 
tients. 

Criteria for Eligibility 

On the basis of postsurgical infection rates reported in a previous 
study of hyperimmune plasma containing the J5 antibody, 13 pa- 
tients who had undergone one of the following seven types of sur- 
gery were eligible for the present study: esophageal surgery for can- 
cer, contaminated abdominal operations (for example, surgery for 
abdominal abscesses, fistulas, or perforations), "second-look" ab- 
dominal operations after failure of a previous procedure, surgery for 
severe gastrointestinal hemorrhage requiring transfusion of more 
than 10 units of blood, peritoneal lavage for severe pancreatitis with 
more than three of the features described by Ranson et al., 18 surgery 
for ruptured aortic aneurysms or aneurysms requiring transfusion 
of more than 20 units of blood, and surgery for severe abdominal or 
retroperitoneal trauma requiring more than 10 units of blood and 
tracheal intubation for more than 24 hours. Informed consent was 
obtained from each participant. All consenting patients more than 
16 years old were enrolled if they had been admitted to the ICU 
within the preceding 36 hours and were expected to remain there at 
least 48 hours. 

Patients were not eligible if they had clinical signs of a systemic 
infection at randomization (see definitions of infections, below). In 
addition, blood cultures were performed in every patient at entry, 
and all patients with bacteremia were excluded. Additional criteria 
for exclusion included evidence of shock, a decision not to provide 
optimal therapy, the likelihood of death within 48 hours, pregnan- 
cy, and previous randomization in the study or receipt of immune 
globulin during the three months before the study. 

Randomization and Participating Centers 

Randomization was performed by the pharmacists of the partici- 
pating study centers according to computerized lists generated by a 
random-number, program. The patients were balanced in equal 
blocks of six and stratified according to which of the seven types of 
surgery they had undergone; stratification was performed separate- 
ly for each participating center. Each patient remained in the same 
study group throughout the trial. 

The numbers of patients who were enrolled and could be evaluat- 
ed at the seven participating study centers were as follows: Saint- 
Luc, Brussels, Belgium — 99 patients enrolled and 93 evaluated; 
Lausanne, Switzerland — 86 and 86, respectively; Basel, Switzer- 
land — 52 and 51, respectively; Zurich, Switzerland — 48 and 46, 
respectively; Saint-Pierre, Brussels — 30 and 28, respectively; Ge- 
neva — 25 and 15, respectively; and Providence, Rhode Island — 
12 and 10, respectively. The investigators at each center were blind- 
ed to the agents that the patients received. 

Preparation and Dosage of Infusions 

The standard intravenous immune globulin used (Gammagard, 
Baxter Healthcare, Hyland Division, Glendale, Calif.) is a sterile, 
lyophilized, highly purified preparation of immune globulin manu- 
factured by the cold-ethanol process of Cohn and Onckley and 
further purified by ion-exchange chromatography. The IgG mole- 
cules do not undergo any chemical modification. It is prepared from 



pools of 10,000 to 30,000 units of plasma from paid donors at plas- 
mapheresis centers. 

Core-Iipopolysaccharide intravenous immune globulin was pre- 
pared from plasma from 290 donors selected for their high titers 
of naturally occurring antibody to S. minnesuia R595 lipopolysac- 
charide, as measured by enzyme-linked immunosorbent assay 
(ELISA). Donors in the top 10 percentiles of those screened were 
selected for this product. It was kept frozen as plasma or fraction II 
paste until sufficient quantities were collected for processing as de- 
scribed for the standard immune globulin. 

The levels of anti-R595 lipopolysaccharide IgG antibody aver- 
aged 0.9 g per liter in the two lots of core-lipopolysaccharide im- 
mune globulin and 0.125 g per liter in the nine lots of standard 
immune globulin used in this study. Each immune globulin was 
given in a dose of 400 mg per kilogram of body weight, for a maxi- 
mum of 30 g per infusion. 

The placebo was 25 percent albumin in 500 ml of physiologic 
saline, given in a dose of 8 ml per kilogram. The volume was calcu- 
lated to be equal to the volume of each immune globulin. 

The hospital pharmacist at each institution reconstituted the test 
preparations and supplied the investigator with coded bags ready 
for infusion. Patients received the appropriate infusion on day 1 and 
every seven days until they were discharged from the ICU, for a 
maximum of four infusions. The initial rate of infusion was 0 5 ml 
per kilogram per hour, which was doubled every 20 minutes until a 
maximum of 4 ml per kilogram per hour was reached. 

Measurement of IgG and Anti-R595 Lipopoiysaccharid 
igG Antibody 

Blood samples were obtained for measurement of serum IgG 
before the first infusion of the study agent, and two hours, two days, 
and seven days later, before the next infusion. The samples were 
stored frozen at — 70°C and analyzed after the study was completed. 
IgG was measured according to standard methods with a nephe- 
lometer (Behring, Marburg, Germany) (normal range in adults, 8.2 
to 1 7 g per liter). Anti-R595 lipopolysaccharide IgG antibodies were 
measured by ELISA of serum from 10 patients per study group 
before the first infusion and two hours and two days later, as de- 
scribed elsewhere. 19 The results were expressed in ELISA units 
(optical-density value x serum dilution). 

Data Collection 

A complete history and a physical examination were performed in 
each patient. All patients were followed daily by an investigator at 
each center during their stay in the ICU and for 14 days after the 
last infusion. A coordinating investigator visited all participating 
centers every four to eight weeks, discussed all patients with the 
local investigator, and prepared flow charts for a computerized data 
base. In addition, all patients who died and all those with diagnostic 
problems or complicated clinical courses were discussed with a sec- 
ond investigator. At the end of the study, the code was broken only 
after the local investigator and consultants reached a consensus 
about each patient's eligibility and the nature of any episodes of 
infection. 

Definitions of Infections 

Focal infections present at randomization or acquired during the . 
study were reported and defined according to standard criteria. 
Pneumonia was diagnosed if the patient had clinical features such 
as fever, cough, sputum, and rales and radiologic features such as 
new or worsening pulmonary infiltrates. 20 It was diagnosed micro- 
biologically if cultures obtained with a protected brush during 
bronchoscopy were positive and if isolates from sputum culture 
contained a predominant organism and more than 25 polymorpho- 
nuclear cells and fewer than 10 epithelial cells per low-power field 
(X100) on microscopical examination. 21 Abdominal infection was 
defined by the presence of a purulent discharge and a positive cul- 
ture. Urinary tract infection was defined by the presence of at least 
I0 5 bacteriai colony-forming units per milliliter of urine. 

An episode of systemic infection was defined as sudden clini- 
cal deterioration with evidence of infection, fever (temperature 
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>39°C), and at least one of the following: altered mentation, hypox- 
emia (partial pressure of arterial oxygen <70 mm Hg [9.3 kPa] 
while the patient was breathing room air), and elevated plasma 
lactate levels (>2 meq [mmol] per liter) or oliguria (<30 ml of 
urine per hour). Septic shock was indicated by a systolic blood 
pressure below 90 mm Hg or a decrease of more than 30 mm Hg in 
the blood pressure in conjunction with compatible clinical manifes- 
tations, in the absence of other causes of shock, such as hypovole- 
mia, myocardial infarction, or pulmonary embolism, despite vol- 
ume expansion and the administration of vasopressors in adequate 
amounts for more than one hour. If the hypotension could be re- 
versed, a diagnosis of septic shock was accepted only if two of the 
following signs were present: sudden oliguria (<30 ml per hour), 
hypothermia (<36°C), hypoxemia (partial pressure of arterial oxy- 
gen <70 mm Hg [9.3 kPa] or a decrease of >25 percent of the 
previous value), metabolic acidosis (pH <7.3 or base excess below 
-10 mmol per liter), coagulation abnormalities (prothrombin time 
<50 percent, partial-thromboplastin time >40 seconds, or increase 
of fibrin split products >0.016 g per liter), thrombocytopenia 
(<100X10 9 per liter or a decrease of 50 percent of the previous 
value), or sudden deterioration in mental status. Systemic episodes 
of infection and septic shock were attributed to a particular micro- 
organism if it grew from a blood culture or from the site of a focal 
infection that was considered to be the source of the systemic epi- 
sode. For a diagnosis of infection due to Staphylococcus epidermidis, 
viridans streptococci, diphtheroids, or bacillus species, two repeat 
blood cultures had to be positive. 

All deaths occurring during hospitalization were recorded. Be- 
cause of the complexity of the cases, the role of infection in death 
was not assessed. 

Statistical Analysis 

The comparability of the three study groups when the study 
began was determined with the use of parametric and nonparamet- 
ric techniques, as appropriate. The chi-square test was used to eval- 
uate qualitative data, and one-way analysis of variance to evaluate 
quantitative data. In all analyses, three-way comparisons were 
made initially; specific groups were compared only if these overall 
analyses showed significant differences. 

The data on infection were assumed to have been obtained by 
three Poisson processes, one for each study agent. The incidences of 
infections were analyzed in pairwise fashion, with a large-sample 
normal approximation to the comparison of Poisson means,' to 
take into account the possibility of multiple infections in a single 
patient. Two-tailed P values were used as noted above. The method 
of Kaplan and Meier 23 was used to estimate the distribution of the 
times to the first focal infection in each study group, and the log- 
rank test for multiple groups was used to compare the distributions 
of survival times. 24 Because of large right-tail skews, the nonpara- 
metric Kxuskal-Wallis test was used to compare the various meas- 
ures of morbidity, such as the number of days of hospitalization 
and days in the ICU. 25 These data were summarized as medians 
and ranges. 

Results 

Safety Monitoring and Exclusions 

From January 1987 to June 1989 (30 months), 352 
patients were admitted to the study. There were 10 
adverse events possibly associated with the infusions: 
fever in four patients, a transitory decrease in blood 
pressure in three, a rash in two, and an anaphylactic 
reaction in one. Three events occurred in the placebo 
group, five in the core-lipopolysaccharide immune 
globulin group, and two in the standard immune glob- 
ulin group. One infusion of the standard immune 
globulin was associated with an anaphylactic reaction. 

Twenty-one patients were excluded from the analy- 
sis for the following reasons: ineligibility (nine pa- 



tients), the presence of bacteremia or shock at ran- 
domization (seven), withdrawal of consent (three), 
and a decision to stop all treatments a few hours after 
randomization (two). In addition, two patients were 
excluded because the infusion was discontinued — in 
one patient because of a fluid overload and in the 
other because of an anaphylactic reaction. 

Characteristics at Randomization 

A total of 329 patients could be evaluated. Their 
stratification according to type of surgery and their 
important characteristics at randomization are shown 
in Table 1. There were no significant differences be- 
tween the three study groups in age, weight, APACHE 
II (Acute Physiology and Chronic Health Evalua- 
tion 26 ) score, interval between entry to the ICU and 
the first infusion, sex ratio, number of patients with 
various types of surgery, severity and types of under- 
lying illnesses, antibiotic treatment, or presence of fo- 
cal infections at entry. 

Serum IgG Levels and Anti-R595 Lipopolysaccharide IgG 
Antibody Levels 

The numbers of infusions administered during the 
study period were similar in the three groups and 
averaged about 1.5 infusions per patient. Serum IgG 
levels were measured b efore the first infusion (in 285 
patients) an d two hours later (in 2 77), two days later 
(in 269 patients), and seven days later (in 253) (Fig. 
1). Before infusion, the mean IgG levels were at the 
lower limit of normal and were similar in the three 
groups. Two hours after infusion, there was a twofold 
mean increase in the levels of the groups receiving 
standard and core-lipopolysaccharide immune globu- 
lin. The levels decreased steadily thereafter, until 
day 7. No significant difference was observed between 
the two immune globulin groups. In the placebo 
group, IgG levels did not change during the two hours 
after infusion, after which they increased steadily until 
day 7. 

The serum levels of anti-R595 lipopolysaccha ride 
IgG antibody were measured in 10 patients in each 
study group. Before infusion, the median level was 
0 ELISA unit (range, 0 to 15) in the placebo group, 
0 unit (range, 0 to 22) in the standard immune globu- 
lin group, and 0 unit (range, 0 to 25) in th e core - 
lipopolysaccharide immune globulin group; after two 
hours, the levels were 0 unit (range, 0 to 12), 29 units 
(range, 17 to 45), and 92 units (range, 58 to 111), 
respectively (P<0.001). After two days, the levels 
were 0 unit (range, 0 to 13), 19 units (range, 10 to 38), 
and 54 units (range, 24 to 81), respectively (P<0.001). 

Incidence of Focal Infections Acquired during the Study 

After randomization, infection developed in 53 pa- 
tients in the placebo group (47 percent), 50 in the 
core-lipopolysaccharide immune globulin group (46 
percent), and 36 in the standard immune globulin 
group (33 percent). The incidence in the standard 
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Table 1. Characteristics of the Study Groups at Randomization.* 







C-LPS 


Standard 






Immune 


Immune 




Placebo 


Globulin 


Globulin 


Characteristic 


(N = 112) 


(N = 108) 


(N = 109) 






mean ±SD 




A 

Age (yr) 


56.8± 16.7 


J/.Di I*KO 




weight (kg) 


w. i — i j.y 


69. 4± 12.6 


67. 8 ± 15.6 


/\r Av_nn 11 score v.p 01 ' 1 "^ ' 


/ .OIJ.U 


O.J — J.J 


*7 -7 -4- c o 
/. / — J.Z 


Lnicrvai uciwecn entry to iv_u 


19.2±9.7 


io. ox iu. i 




nnrl fircf mfiicinn fHr^ 
aim niaL hhumvJU V" 1 / 












no. of patients 




Sex (M/F) 


80/32 


78/30 


78/31 


Type of surgery 








Esophageal surgery 


36 


36 


37 


Contaminated abdominal surgery 


33 


31 


27 


. Second- look laparotomy 


17 


14 


20 


Severe gastrointestinal hemorrhage 


g 


9 


6 


Severe pancreatitis 


5 


3 


7 


Ruptured aortic aneurysm 


7 


7 


5 


Severe abdominal trauma 


6 


8 


7 


Severity of preexisting illnesses 








Nonfatal 


62 


64 


66 


Ultimately fatal 


38 


39 


37 


Rapidly fatal 


12 


5 


6 


Most frequent preexisting illnesses 








Nonhematologic neoplasm 


38 


41 


44 


Alcoholism 


18 


20 


21 


Chronic obstructive pulmonary 


16 


12 


13 


disease 








Diabetes 


10 


7 


4 


Antibiotic treatment 


108 


108 


109 


Focal infections at entry (no. 


46 (55) 


43 (48) 


48 (53) 


of foci) 









♦No significant difference was observed between the three groups in any of the characteris- 
tics. C-LPS denotes core lipopoly saccharide, 
t Score determined by the Acute Physiology and Chronic Health Evaluation system. 26 



immune globulin group was 30 percent lower than 
that in either of . the other two groups (P = 0.06 
for comparison of all three groups; P = 0.03 for 
comparison of standard immune globulin and pla- 
cebo groups). When the time from randomization to 
the first focal infection was analyzed with the Kaplan- 
Meier technique (Fig. 2), the reduced rate of in- 
fections in the standard immune globulin group was 
observed mainly after seven days (P = 0.04 for com- 
parison of the three curves; P = 0.03 for the compari- 
son of the curves for the placebo and standard im- 
mune globulin groups by the multigroup log-rank 
test). This suggests that standard immune globulin 
prevented mainly infections of late onset — i.e., in- 
fections not already incubating at the time of random- 
ization. 

The rate of acquired focal infections per 100 pa- 
tient-days was also reduced in the standard immune 
globulin group as compared with the placebo group 
(2.79 vs. 3.84, P = 0.08 by Poisson test) (Table 2). In 
contrast, the rate in the core-lipopolysaccharide im- 
mune globulin group (3.61) was similar to that in the 
placebo group. Although no statistically significant 
differences were noted when the various sources of 
infections were analyzed separately, standard immune 
globulin reduced infections due to gram-negative bac- 
teria the most (P = 0.17) and significantly reduced 



the incidence of pneumonia (P = 0.04), mainly by re- 
ducing the incidence of gram-negative pneumonia 
(P = 0.02). The difference was not statistically signifi- 
cant for the other sites of infections. When the inci- 
dence of infections was analyzed according to the type 
of surgery, the rate was found to be significantly re- 
duced in the standard immune globulin group as com- 
pared with the placebo group in the category with the 
most patients (esophageal surgery; P = 0.01), and 
there was a trend toward reduction of infection in the 
two other categories with large numbers of patients 
(contaminated abdominal surgery and second-look 
laparotomy); however, the numbers of patients in 
each subgroup are small. The difference in these three 
categories in aggregate was significant (P<0.01). The 
numbers of acquired infections in the other categories 
of surgery were too small to allow the categories to be 
analyzed separately (Table 3). 

Incidence of Episodes of Systemic Infection and Septl 
Shock 

Forty-one episodes of systemic infection (i.e., sud- 
den deterioration with fever), 25 of which fulfilled the 
criteria for septic shock, were observed in 38 patients 
(Table 4). In 27 cases, blood cultures were positive 
(for gram-negative bacteria in 13 cases, gram-positive 
bacteria in 9 cases, and fungi in 5 cases). No signifi- 
cant difference was found between the three study 
groups in the incidence of these episodes. 

Mortality and Duration of Hospitalization 

The hospital mortality in the study population 
was 17.3 percent (57 patients). The mortality in the 
standard immune globulin group (13.8 percent) was 
30 percent lower than that in the placebo group 
(19.6 percent) and the core-lipopolysaccharide im- 
mune globulin group (18.5 percent). This difference 
was not statistically significant (Table 5). 

Among the surviving patients, the length of stay 



20 




0L-« » ' l— 

Before 2 hr 2 days 7 days 

Infu- 
sion 

Time after Infusion 

Figure 1. Serum IgGL v Is before and aft r Infusion of the Thre 
Study Agents. 

The symbols represent means, and the T bars standard devi- 
ations. C-LPS denotes core lipopolysaccharide (circles). 
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in the ICU and the overall duration of hospitalization 
varied considerably. Approximately 15 percent of pa- 
tients remained in the hospital for more than two 
months, usually for reasons unrelated to infection. 
Consequently, nonparametric tests were used for com- 
parisons between groups. The length of stay in the 
ICU and total hospitalization were shorter in the 
standard immune globulin group than in the other 
two groups, by a median of 2.0 days and 7.5 days 
as compared with control values, respectively (Table 
5). Furthermore, when patients who stayed more than 
30 days in the ICU were excluded from the analysis 
to prevent skewing of the data by long hospital- 
izations, the differences became greater (P = 0.02 
and P = 0.07 for comparison of the three groups; 
P = 0.005 and P = 0.03 for comparison of the placebo 
and standard immune globulin groups, respectively). 

Discussion 

The goal of the study was to investigate whether 
two preparations of intravenous immune globulin 
were effective in preventing infections in patients at 
high risk for them after surgery. We found that pro- 
phylactic administration of a standard immune globu- 
lin significantly reduced the incidence of infections 



Table 2. Focal Infections Acquired during the Study, According to 
Source and Site. 







C-LPS 


Standard 






Immune 


Immune 




Placebo 


Globulin* 


Globulin 


Type of Infection 


(N = 112) 


(N = 108) 


(N = 109) 


Total patient-days at risk 


- 1903 


1772 


1793 




no. of tpboo 


es {ratellOQ patient-days) 


All acquired infections 


73 (3.84) 


64 (3.6t) 


50 (2.79) 


Source 








Gram-negative bacteria 


30(1.58) 


36 (2.03) 


19(1.06) 


Gram-positive bacteria 


12 (0.63) 


5 (0.28) 


7 (0.39) 


Mixed 


1 1 (0.58) 


6 (0.34) 


9 (0.50) 


Yeasts 


3(0.16) 


4 (0.23) 


4 (0.22) 


Vims 


1 (0.05) 


2(0.11) 


1 (0.06) 


Unknown 


16 (0.84) 


11 (0.62) 


10 (0.56) 


Site 








Lung (pneumonia) 


30(1.58) 


25(1.41) 


15 (0.84) 


Gram-negative bacteria 


16(0.84) 


18 (1.02) 


5 (0.28) 


Abdomen 


25(1.31) 


20(1.13) 


18(1.00) 


Gram-negative bacteria 


6 (0.32) 


9 (0.51) 


5(0.28) 


Urinary tract 


7 (0.37) 


7 (0.40) 


8 (0.45) 


Gram-negative bacteria 


5 (0.26) 


4 (0.23) 


6 (0.33) 


Other 


1 1 (0.58) 


12 (0.68) 


9 (0.50) 


Gram-negative bacteria 


3(0.16) 


5 (0.28) 


3(0.17) 



•C-LPS denotes core lipopoly saccharide. 

tThe rates were compared by the Poisson test. In all statistical analyses, three-way compari- 
sons were performed. Specific groups were compared only if these overall analyses showed 
significant differences. The P values shown above represent comparisons between the placebo 
and standard immune globulin groups. In all other statistical comparisons, P values were more 
than 0. 10. 
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Day after Randomization 

Figure 2. Int rval between Randomization and First Focal 
Infection. 

There was a significant difference between the thre ciirv s 
(P = 0.04) and betw en the curves for the placebo and stand- 
ard immune globulin groups (P = 0.03). C-LPS denot s core 
lipopolysaccharide. 



among its recipients as compared with placebo recipi- 
ents. The incidence of pneumonia was also signifi- 
cantly reduced, especially pneumonia due to gram- 
negative bacteria; this is a potentially important 
finding because nosocomial infections of the lower res- 
piratory tract due to gram-negative bacteria have a 
high incidence and case-fatality rate in patients in the 
ICU. 27 " 29 This prophylactic effect on infections was 
associated with shorter stays in the ICU and hospital. 
Thus, the treatment might be cost effective because of 
savings in hospital costs that are associated with de- 
creased lengths of stay. These findings are worthy of 
further investigation. The findings of other studies 
suggest that standard immune globulin is effective in 
preventing bacterial infections in immunocompro- 
mised patients 1,2 as well as in patients with multiple 
trauma treated in an ICU, who also appeared to bene- 
fit principally by a reduction in the incidence of pneu- 
monia. 3 

Infections due to gram-negative bacteria are a ma- 
jor source of concern in patients admitted to the ICU, 
and lipopolysaccharide-mediated events are responsi- 
ble in great part for the poor outcome of patients with 
these infections. In this study, a preparation of hyper- 
immune immune globulin specifically directed against 
lipopolysaccharide had no effect on the incidence of 
systemic infections, septic shock, or acquired focal in- 
fections, as compared with placebo. This apparent 
lack of efficacy of core-lipopolysaccharide immune 
globulin contrasted with the results of treatment with 
standard immune globulin. Both preparations were 
manufactured according to the same procedures for 
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fractionation, but the fraction II paste of the core- 
lipopolysaccharide preparation was kept frozen until 
sufficient material was collected. This slight difference 
in the technique of preparation did not appear to af- 
fect the quality of the final product, since there was no 
detectable difference between the nine lots of standard 
immune globulin and the two lots of core-lipopolysac- 
charide immune globulin in anticomplement activity, 
the percentage of split products, Clq binding, or pro- 
portions of IgG subclasses. The binding of these lots 
to bacterial strains was found to be similar on ELISA 
(20 strains) and flow cytometry (4 strains). In addi- 
tion, functional activity against four bacterial strains 
was checked through in vitro tests of opsonization and 
phagocytosis and in vivo protection experiments in 
mice, with similar results (data not shown). The clini- 
cal results suggest that the selection of donors on the 
basis of screening for IgG antibodies to R595 lipopoly- 
saccharide may not be adequate for the selection of 
the protective antibodies that were present in the 



Table 3. Focal Infections Acquired during the Study, According to 
Type of Surgery. 



Type of (Reason for) Surgery 



Esophageal surgery 
Contaminated abdominal 

surgery 
Second-look laparotomy 
Severe gastrointestinal 

hemorrhage 
Severe pancreatitis 
Ruptured aortic aneurysm 
Severe abdominal trauma 



Placebo 
IN = 112) 



C-LPS 
Immune 
Globulin* 
(N = 108) 



Standard 
Immune 

Globulin p 
(N = 109) Value* 



no. , of episodes (rateitOO patient-days) 



24 (4.41) 
18(3.31) 

13(4.21) 
4 (2.65) 



18 (3.37) 
24 (4.61) 

4(1.85) 
3 (2J8) 



9(1.69) 
1 1 (2.50) 

8 (2.54) 
3 (3.30) 



0.01 



0.07 



4(3.15) 4(5.48) 8(4.73) 
.3 (3.16) 7 (4.55) 3 (2.68) 
7 (5.26) 4 (2.68) 8 (5.93) 



*C-LPS denotes core I ipopoly saccharide. 

+The rates were compared by the Poisson test. In all statistical analyses, three-way compari- 
sons were performed. Specific groups were compared only if these overall analyses showed 
significant differences. The P values shown above represent comparisons between the placebo 
and standard immune globulin groups. When the three types of surgery with the most patients 
(esophageal surgery, contaminated abdominal surgery, and second-look laparotomy) were 
analyzed in aggregate, the P value was less than 0.01. 

standard immune globulin. Tyi rhons;md_taJK),OQQ 
un its of donated plasma were pooled to prepare ea ch 
lot of standard immune globulin, but plasma f rom 
fewer than 300 donors was used to prepare the cor e- 
hpopolysaccharide product, which may have resu lted 
in a narrower spectrum of antibodie s. Alternative^ 
high titers of anti-R595 lipopolysaccharide antibod- 
ies in plasma might be associated with lower levels 
of antibodies to other determinants important for pro- 
tection. 

In finding that core-lipopolysaccharide immune 
globulin was ineffective, this study contrasts with 
previous studies of antiserum obtained from vol- 
unteers immunized with the rough mutant E. coli 
J5 12 - 13 and recent studies of two anti-lipid A IgM 
monoclonal antibodies, 30 * 32 which suggested that an- 



Table 4. Episodes of Systemic Infection and Septic Shock Ob- 
served during the Study.* 



C-LPS Standard 
Placebo Immune Globulin Immune Globulin 
(N-112) (N=10S. (N=J09) 



14 (0.79) 


* 15(0.84) 


8 (0.45) 


7 (0.39) 


4 (0.23) 


4 (0.22) 


2(0.11) 


3(0.17) 


0 


1 (0.06) 


10 (0.56) 


9 (0.50) 


7 (0.40) 


4 (0.22) 


2(0.11) 


3(0.17) 


1 (0.06) 


I (0.06) 


0 


1 (0.06) 



Total patient-days at risk — • 1903 1772 1793 
no. of episodes f rate: 100 patient -days) 

All systemic episodes 

All sources 12 (0.63) 

Gram-negative bacteria 1 1 (0.58) 

Gram-positive bacteria 1 (0.05) 

Yeasts 0 

Unknown 0 
Septic shock 

All sources 6 (0.32) 

Gram-negative bacteria 6 (0.32) 

Gram-positive bacteria 0 

Yeasts 0 

Unknown 0 

*No significant difference was observed between the three eroups. C-LPS denotes core 
lipopolysaccharide. 

tibodies against core lipopolysaccharide might be 
protective against gram-negative infections. The core- 
lipopolysaccharide immune globulin used in the pres- 
ent study did not contain IgM, which has been 
considered necessary to afford protection against lipo- 
polysaccharide, 33,34 although the data supporting 
this statement are controversial, 34 and IgG fractions 
obtained after immunization with E. coli Jo have been 
reported to protect rabbits from meningococcal endo- 
toxin. 36 

It is possible that antibodies to R595 lipopolysac- 
charide do not protect against heterologous bacteria. 
In studies with antiserum to E. coliJ5 r V2A3 the mecha- 
nisms of protection remained unclear and could not be 
convincingly attributed to antibodies directed against 
J5 lipopolysaccharide, R595 lipopolysaccharide, or 
lipid A. 19,37 The protective power of antibodies to core 
lipopolysaccharide has not been unequivocally dem- 
onstrated; two other studies of J5 antiserum 38 - 39 and 
one of hyperimmune anti-J5 lipopolysaccharide im- 
mune globulin 9 have been unsuccessful. Studies with 
anti-lipid A monoclonal antibodies require confirma- 

40-42 



tion. 



Table 5, Mortality and Duration of Hospital Stay. 







C-LPS 


Standard 








Immune 


Immune 


P 




Placebo 


Globulin* 


Globulin 


Value* 


No. of deaths (%) 


22(19.6) 


20(18.5) 


15 (13.8) 


NS 


No. of patients discharged 


90 


88 


94 


alive from hospital 








Median no. of days in 


29 (7-300) 


24 (8-111) 


21.5 (5-150) 


0.06 


hospital (range) 






No. of patients discharged 


99 


98 


101 




alive from ICU 








Median no. of days in 


6(1-54) 


5(1-52) 


4 (1-124) 


0.02 


ICU (range) 







tNS denotes not significant. The P values shown represent comparisons between the placebo 
and standard immune globulin groups. The P values for the three eroups were 0. 14 (hospital 
stay) and 0.05 (ICU stay) (by nonparametric Kruskal-Wallis test)* 



0 • 

240 THE NEW ENGLAND JOURNAL OF MEDICINE July 23, 1992 



We are indebted to the surgeons who allowed us to study their 
patients and to the pharmacists who prepared the infusions of im- 
mune globulin and placebo. 

Appendix 

The following are members of the Intravenous Immunoglobulin 
Collaborative Study Group: Participating centers: M. Reynaert, Hopi- 
tal Saint-Luc, Brussels; R. Chiolero, M. Bickle, G. Zanetti, and 
D. Heumann, Centre Hospitalier Universitaire Vaudois, Lausanne; 
C. Scheidegger, A. Widmer, and W. Zimmerli, Kantonsspital, Ba- 
sel; J. Huber, C. Wolfisberg, M. Battegay, and R. Liithy, Kantons- 
spital, Zurich; Y. Van Lathem, D. Weerts, and N. Clumeck, Hopi- 
tal Saint- Pierre, Brussels; P. Masouye, B. Miege, M.-C. Laverriere, 
and P. Suter, Hopital Cantonal Universitaire, Geneva; and B.A. 
Veloudis, K.W. Burchard, and G. Peter, Rhode Island Hospital, 
Providence. Safety committee: A. MacCutchan, University Medical 
Center, San Diego, Calif; S.H. Zinner, Rhode Island Hospital, 
Providence; and M.L. Lee, Baxter Healthcare Corporation, Glen- 
dale, Calif. Baxter Healthcare collaborators: S.G. Courter, D. Tait, and 
DJ. Rechtman. 
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